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INDUSTRIAL  HYGIENE  EVALUATION  OF  F-111  FUEL  TANK  SEALANT  PROCESS 


INTRODUCTION 


Purpose  and  Scope 

In  response  to  a  12  Oct  90  letter  of  request  from  the 
McClellan  Air  Force  Base  (AFB)  Bioenvironmental  Engineering 
Section  (BES) ,  we  conducted  an  initial  industrial  hygiene 
evaluation  of  this  new  sealant  process.  Three  separate  surveys 
(22-26  January  1991,  12-16  August  1991,  and  29-31  October  1991) 
were  performed  at  McClellan  AFB  during  actual  spray  sealant 
operations.  Additional  air  sample  results  included  in  this 
report  were  done  by  Lt  Devine  of  BES  during  September  and  October 
1991.  The  purpose  of  the  surveys  was  to  conduct  a  thorough 
industrial  hygiene  evaluation  of  this  new  fuel  tank  sealant 
process.  The  ultimate  goal  was  to  determine  how  the  process 
could  be  safely  implemented  and  to  provide  that  documentation  to 
other  Air  Force  Materiel  Command  (AFMC)  bases. 


Background 

The  F-111  fuel  tank  sealant  process  is  new  to  the  Air  Force 
but  has  been  used  successfully  by  civilian  industry  for  some 
time.  The  F-111  has  had  a  history  of  fuel  tank  leak  problems  and 
therefore  was  a  good  candidate  for  testing  the  new  sealant 
process . 


Description  of  Operation 

The  process  consists  of  a  number  of  different  operations 
which  must  be  performed  in  a  certain  order.  It  begins  with  fuel 
tank  de-sealing  where  all  the  old  sealant  is  removed  by 
waterpicking.  The  old  sealant  surface  is  prepped  using  a  wire 
brush  and  wiped  down  with  Turco  6628.  The  sealant  surface  is 
then  primed  with  a  Desoto  epoxy  primer  which  takes  30  to  60 
minutes,  depending  on  tank  size,  when  using  a  spray  gun  (air 
pressure  @30+5  psi  and  fluid  pressure  @4+1  psi) .  The 
primer  coat  requires  a  30-minute  to  45-minute  drying  time  prior 
to  sealant  application.  The  sealant  application  requires  two 
coats  to  ensure  proper  coverage.  By  applying  white  and  black 
coats  separately,  sealant  coverage  for  each  coat  can  be  easily 
determined  by  visual  inspection.  The  sealant  is  also  applied 
with  an  air-assisted  airless  spray  gun  (fluid  pressure  is  500  psi 
@  pump  but  decreases  to  30  psi  @  gun  tip) ;  each  application 
requires  between  1.5  to  3  hours  per  coat  depending  on  tank  size. 
The  current  procedure  requires  a  3-hour  drying  time  between 
sealant  coat  applications.  During  spray  application,  the  tank  is 
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ventilated  by  two  supply  hoses  and  two  exhaust  hoses  to  control 
the  explosive  hazard.  After  the  spray  application  is  finished, 
the  tank  should  be  continuously  vented  by  one  exhaust  hose  for  a 
period  of  7  days  to  control  the  solvent  off-gassing  during 
drying.  A  technical  order  on  sprayable  sealant  procedures  is 
currently  being  drafted. 


Methods 


Standard  National  Institute  for  Occupational  Safety  and 
Health  (NIOSH)  Analytical  Methods  were  used  for  the  sampling  and 
analyses  of  air  contaminants  except  for  isocyanates,  l-methoxy-2- 
propanol  acetate  (PM  Acetate) ,  and  diethyltoluenediamine  (DETDA) . 
For  these  compounds,  sampling  and  analyses  were  performed 
according  to  manufacturer-published  methods;  there  is  no 
published  NIOSH  method. 


DISCUSSION 


Findings 

Ventilation:  The  first  point  that  must  be  noted  is  that  the 
F-111  fuel  tank  sealant  process  cannot  be  performed  safely 
without  the  use  of  local  supply  and  exhaust  ventilation.  The 
constituents  which  make  up  the  primer,  especially  toluene  and 
methyl  ethyl  ketone  (MEK) ,  present  an  extreme  explosive  hazard 
when  sprayed  in  the  confined  space  of  the  fuel  tanks. 

Furthermore,  the  configuration  of  the  tanks  with  multiple  bays 
offers  a  challenge  for  eliminating  concentration  pockets  even 
with  local  ventilation.  Fortunately,  we  were  able  to  overcome 
that  problem  with  a  dual  push-pull  system  utilizirtg  pre-existing 
openings  within  the  fuel  tanks.  Figure  1  shows  how  the  air  is 
supplied  at  two  locations  from  the  middle  top  of  the  tank,  while 
air  is  exhausted  from  the  top  at  each  end  of  the  tank.  The 
operation  is  currently  being  performed  in  Hangar  251  and  utilizes 
an  HDU-13  for  supply  air  and  a  pre-existing  overhead  vehicle 
maintenance  type  exhaust  system  with  a  makeshift  booster.  The 
current  system  has  adequately  controlled  the  explosive  atmosphere 
problem  in  the  tank  during  spraying,  but  it  has  some  other 
problems  that  MUST  be  addressed.  The  primer  coating  applied 
first  to  the  tank  has  a  consistency  similar  to  paint  and 
therefore  has  problems  associated  with  local  exhaust  of  painting 
operations.  The  most  important  consideration  is  the  particulate 
aerosol  formed  by  the  overspray.  The  current  system  lacks  a 
particulate  filter,  and  the  paint  particles  are  being  deposited 
within  the  ducting  of  the  ventilation  system.  The  accumulation 
of  the  paint  particles  presents  fire  and  explosive  hazards, 
especially  when  the  booster  system  does  not  have  intrinsically 
safe  motors.  Obviously,  the  booster  system  should  contain 
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intrinsically  safe  blowers  and  a  Class  2  flameproof  particulate 
filter.  Filter  installation  may  cause  a  problem  with  tank 
ventilation  flow  rates.  The  increased  filter  resistance  will 
decrease  the  exhaust  flow  rate,  thereby  causing  an  imbalance 
between  supply  and  exhaust  air  flow.  We  recommend  you  let  your 
Civil  Engineering  ventilation  experts  design  a  balanced  system 
for  you. 

NOTE:  All  accessible  openings  are  covered  on  the  tank  being 

sprayed . 


Sealant  Materials  and  Chemistry 

1.  Solvent  Wipe  Down:  Turco  6628 

a)  Principal  Ingredients  -  toluene,  ethyl  acetate,  MEK 

b)  Material  is  used  as  received  and  is  not  diluted 

2.  Primer:  3  Part  Epoxy  Primer  from  DeSoto 

a)  519X303  -  Primer  Base 

b)  910X357  -  Activator 

c)  020X324  -  Solvent  Reducer  (Not  used  in  this  process) 

The  primer  is  mixed  just  prior  to  application  with  a  ratio 
of  three  parts  Primer  Base  to  one  part  Activator.  The  hazard 
from  this  material  can  be  broken  into  two  fundamentally  different 
types.  First,  there  is  an  explosive  hazard  from  the  major 
solvent  components,  i.e.,  MEK,  n-butyl  acetate,  and  toluene, 
being  sprayed  in  a  confined  space.  Second,  there  may  be  possible 
health  effects  due  to  exposure  to  strontium  chromate  and  toluene 
di isocyanate  monomer  (TDI) .  It  is  important  to  note,  however, 
that  these  latter  two  constituents  present  only  an  airborne 
particulate  hazard  because  of  their  lack  of  volatility. 

Therefore,  they  only  present  a  hazard  to  personnel  directly 
exposed  to  the  paint  spray  mist;  i.e.,  only  to  personnel  spraying 
inside  the  fuel  tank. 

3.  Sealant:  2-Part  Polyamine  Curing  Agent  Compound  from 

PRC. 


a)  PRC  2911  Part  A  -  Activator.  Principal 
Ingredients  -  diethyltoluenediamine  (DETOA)  and 
l-methoxy-2-propanol  acetate  (PM  Acetate) 

b)  PRC  2911  Part  B  -  Sealant  Base.  Principal 
Ingredients  -  PM  Acetate,  methylene  bis(4- 
cyclohexyl  isocyanate) (HMDI) ,  and  HMDI 
polythioether  pre-polymer 
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The  sealant  is  mixed  just  prior  to  application  using  a  hand 
held  pneumatic  mixer  with  a  one-to-one  ratio  between  parts  A  and 
B.  Agaxn,  mixing  changes  the  constituent  concentrations  from 
what  is  indicated  in  the  MSDS  to  50%  PM  Acetate,  40%  HMDI 
polythioether  pre-polymer  (according  to  John  Zook,  PRC  chemist, 
only  2.5%  of  the  40%  is  unreacted  HMDI  terminal  groups),  2.5% 
HMDI  monomer,  2.5%  DETDA,  and  5%  pigment.  The  explosive  hazard 
during  sealant  spraying  is  significantly  reduced  compared  to  the 
primer  because  PM  Acetate  is  much  less  volatile.  As  with  the 
primer  application,  most  worker  exposure  to  these  materials  will 
occur  during  spraying  and  only  within  the  confined  spaces  of  the 
tank.  This  proximal  effect  is  due  to  the  non-volatile  nature  of 
the  contaminants  which  generate  a  particulate  aerosol  hazard 
only.  Refer  to  Appendix  A  for  a  diagram  of  the  vulcanization 
mechanism. 


Personal  Protective  Equipment  (PPE) 

PPE,  worn  by  workers  to  protect  them  from  a  hazardous  work 
environment,  is  used  while  engineering  controls  are  being 
developed  or  when  appropriate  engineering  controls  are  still 
unable  to  adequately  eliminate  the  hazard.  It  is  NEVER  used  in 
place  of  engineering  controls.  In  this  particular  case,  PPE  is 
used  to  supplement  existing  engineering  controls  to  reduce  the 
workers'  risk.  There  are  really  three  different  exposure  groups 
within  Hangar  251:  the  sealant  mixing  operator,  the  sealant 
spray  applicators  and  workers  not  associated  with  the  sealant 
operation.  All  require  different  levels  of  protection.  The  last 
group  has  no  exposure  to  the  material  and,  therefore,  does  not 
require  any  PPE.  Current  procedures  require  the  mixer  to  wear  a 
full-face  dual  cartridge  organic-vapor  respirator,  cotton 
coveralls  with  a  polyethylene-coated  Tyvek  suit  including  boots 
and  drawstring  hood  on  top,  and  Ansell/Edmont  nitrile  gloves. 

All  openings  in  this  ensemble  must  be  taped  to  prevent  any  skin 
exposures.  A  portable  ventilation  booth  is  being  procured  for 
mixing  operations.  Current  procedures  require  the  sealant 
applicators  to  wear  full-face,  positive-pressure,  air-supplied 
respirators,  cotton  coveralls  with  a  Sarnex  23P  suit  including 
boots  and  drawstring  hood  on  top,  and  Ansell/Edmont  nitrile 
gloves.  Again,  all  openings  must  be  taped  to  prevent  skin 
exposures.  Heat  stress  became  a  problem  for  the  personnel  inside 
the  tank;  consequently,  a  whole-body  cooling  suit  system  was 
procured  and  seems  to  work  very  well.  The  method  of  operation  is 
very  simple.  A  small  pumping  unit  circulates  ice  water  within 
narrow  plastic  tubing  woven  throughout  a  cotton  suit. 


Confined  Space  Entry 

According  to  the  proposed  Occupational  Safety  and  Health 
Administration  (OSHA)  standard.  Title  29  of  the  Code  of  Federal 
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Regulations  (CFR)  Part  1910.146,  the  F-111  fuel  tank  must  be 
considered  a  confined  space.  However,  the  new  AFOSH  Std.  127-25 
governing  confined  space  entry  specifically  excludes  fuel  cells. 
Volume  54,  Number  106  page  24102-24110  of  the  Federal  Register 
contains  the  proposed  rules  and  defines  a  "permit  required 
confined  space"  as  an  enclosed  space  which: 

1.  Is  large  enough  and  so  configured  that  an  employee  can 
bodily  enter  and  perform  assigned  work. 

2.  Has  limited  or  restricted  means  for  entry  or  exit. 

3.  Is  not  designed  for  continuous  employee  occupancy;  and, 

4.  Has  one  or  more  of  the  following  characteristics: 

a.  Contains  or  has  a  known  potential  to  contain  a 
hazardous  atmosphere. 

b.  Contains  a  material  with  the  potential  for  engulfment 
of  an  entrant. 

c.  Has  an  internal  configuration  such  that  an  entrant 
could  be  trapped  or  asphyxiated  by  inwardly 
converging  walls,  or  a  floor  which  slopes  downward 
and  tapers  to  a  smaller  cross-section;  or, 

d.  Contains  any  other  recognized  serious  safety  or 
health  .hazard. 

Thus,  according  to  the  OSHA  definition,  the  tank  should  be 
considered  a  "permit  required  confined  space."  On  page  24103  of 
the  proposed  rule  OSHA,  sets  forth  the  entry  permit  program  as: 

1.  Hazard  Identification 

2.  Hazard  Control 

3.  Permit  System  -  Requirements  set  forth  in  1910.146  (d) 
pg  24103. 

4.  Employee  Information 

5.  Prevention  of  Unauthorized  Entry 

6.  Employee  Training  -  Requirements  set  forth  in  1910.146 
(e) ,  (f) ,  and  (g)  pg  24104. 

7 .  Equipment 


8.  Rescue  -  Requirements  set  forth  in  1910.146  (h)  pg  24105. 
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9.  Protection  from  External  Hazards 
10.  Duty  to  Other  Employees 


Waste  Stream  Discharge 

All  of  the  material  exhausted  by  the  ventilation  system  is 
vented  through  the  roof  directly  outside  Due  to  the  composition 
of  the  material  being  sprayed,  even  without  a  filter,  only  the 
solvents  would  actually  be  discharged  to  the  outside  air.  The 
Environmental  Management  Division  at  McClellan  AFB  has  stated 
that,  at  the  current  usage  levels,  the  mass  of  volatile  organic 
chemicals  (VOC)  does  not  violate  current  California  State 
Regulations.  Again,  we  highly  recommend  use  of  an  in-line 
particulate  filter. 


POTENTIAL  HAZARDS 

The  solvents  in  the  material  combined  with  the  confined 
space  of  the  fuel  tank  produce  an  explosive  hazard  during  spray 
application. 

The  strontium  chromate  contains  hexa valent  (Cr+6)  chromium 
which  is  listed  as  a  human  carcinogen  by  the  International  Agency 
for  Research  on  Cancer  and  the  National  Toxicology  Program  and  as 
a  potential  human  carcinogen  by  the  American  Conference  of 
Governmental  Industrial  Hygienists  (ACGIH) .  The  Cr+6  form  is 
treated  differently  than  the  trivalent  (Cr+3)  form  because  Cr+6 
is  readily  absorbed  by  the  body  while  Cr+3  is  not.  An  ironic 
point  to  note  is  the  damage  to  the  body  is  caused  by  the 
reduction  of  Cr+6  to  Cr+3. 

Between  the  primer  and  sealant  material,  three  different 
forms  of  isocyanates  are  used:  Toluene  diisocyanates  (TDI) ,  HMDI, 
and  HMDI  polythioether  pre-polymer.  The  hazard  stems  from  the 
extreme  reactivity  of  the  isocyanate  functional  group  (N=C=0) . 
Isocyanates  are  doubly  dangerous  because  they  will  readily  react 
with  the  moisture  in  the  skin  as  well  as  any  of  the  mucous 
membranes.  They  are  potent  sensitizers  and  once  sensitized, 
exposure  to  levels  far  below  the  threshold  limit  value  (TLV)  will 
still  elicit  a  reaction.  Again,  it  is  important  to  note  that, 
because  of  the  extremely  low  volatility  of  the  isocyanates,  they 
present  an  airborne  particulate  hazard  to  only  those  personnel 
exposed  to  the  spray  mist. 

The  sealant  contains  a  secondary  amine  DETDA  which  activates 
the  isocyanate  and  begins  the  vulcanization  mechanism.  The 
manufacturer.  Ethyl  Corporation,  has  performed  a  two-year  study 
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on  rats.  It  should  be  noted  that  two  years  represents  a  lifetime 
exposure  in  rats.  Results  indicate  possible  liver,  thyroid, 
pancreas,  kidney,  and  mammary  gland  effects  at  the  highest  dosing 
level.  As  with  isocyanates,  DETDA  presents  a  skin  contact  hazard 
and  has  an  extremely  low  vapor  pressure.  It  requires  skin 
protection  and  presents  a  particulate  aerosol  hazard  only  to 
personnel  directly  exposed  to  the  spray  mist. 

The  solvent  used  in  the  sealant,  PM  Acetate,  is  water 
soluble  and  will  not  cause  defatting  of  the  skin,  a  common 
solvent  hazard.  On  the  other  hand,  it  has  a  unique,  u.  pleasant 
odor  which  becomes  noticeable  between  . 1  and  1  ppm  due  to  the 
acetate  portion.  The  odor  caused  a  ’’healrh  awareness”  problem 
with  the  general  hangar  population.  This  is  a  new  odor  to  them, 
and  they  believe  they  are  being  "overexposed”  to  this  chemical. 
The  manufacturer,  Dow  Chemical,  has  conducted  animal  testing  and 
recommends  an  exposure  limit  of  100  ppm.  They  note,  however, 
that  at  concentrations  of  80  ppm,  no  human  would  be  able  to  stand 
the  "terrible  stench.” 


AIR  SAMPLING  STRATEGIES  AND  RESULTS 

Many  air  samples  were  collected  during  the  three  different 
surveys.  They  were  separated  into  three  different  categories  to 
coincide  with  the  three  different  exposure  groups. 

First,  breathing  zone  samples  were  collected  on  the 
personnel  spraying  the  sealant  in  the  tank.  Next,  breathing  zone 
samples  and  some  general  area  samples  were  collected  during  the 
sealant  mixing  operation.  Finally,  general  area  samples  were 
collected  at  varying  distances  from  the  aircraft  being  sprayed 
representing  possible  exposures  to  personnel  not  associated  with 
the  sealant  process. 

Appendix  B  contains  all  the  tabulated  sample  results  along 
with  the  most  stringent  exposure  guidelines.  The  15-min  Time 
Weighted  Average  (TWA)  values  indicate  worst-case  exposures 
assuming  all  the  contaminant  is  collected  in  the  first  15  minutes 
of  the  sampling  period.  These  values  are  then  compared  to  the 
Short  Term  Exposure  Limit  (STEL) .  Figures  2-7  show  all  the 
sampling  locations  utilized.  Note  that  no  data  is  available  for 
the  sampling  done  by  Lt  Devine  during  September  1991. 


Sample  Results  Within  Tank 

Solvent  samples  for  the  priming  operation  were  only 
collected  during  the  January  1991  survey.  The  highest  exposures 
were  for  isopropyl  alcohol  and  toluene.  Neither  compound's  8-hr 
TWA  exceeded  the  TLV;  however,  isopropyl  alcohol  exceeded  a  worst 
case  STEL  by  three  times. 
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Sampling  Point  A2 


NOTE:  All  sampling  points 
app.  17  ft  from 
entry  point 


Figure  2.  Sampling  Points  of  F-111  Aircraft  (not  to  scale) 

22  Jan  91 
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Sample  Point  A1 


A1  Fuel  Tank  Entry  Point 
(under  aircraft) 

Sample  Point  A3 

d 


Sample  Point  A2 


A5  (sealer) 
(inside  fuel  tank) 


Sealant  Mixing  Point 
A4  (mixer) 


NOTE:  All  sampling  points 
app.  17  ft  from 
entry  point 


Figure  3.  Sampling  Points  of  F-111  Aircraft  (not  to  scale) 

23  Jan  91 
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Sampling  Point  A2 


Sampling  Point  A4 
Sampling  Point  A3 


A5  (sealer) 
(inside  fuel  tank) 


F2  Fuel  Tank  Entry  Point 
(top  of  aircraft) 


Sampling  Point  A1 


Sealant  Mixing  Point 


Figure  4.  Sampling  Points  of  F-111  Aircraft  &iot  to  scale) 

24  Jan  91 


u 


Sampling  Point  A2 


Fuel  Tank  Entry  Point 
/  (side  of  aircraft) 


A6  (sealer) 
(inside  fuel  tank) 


Sampling  Point  A4 
(sprayers  helper  on  stand 
outside  entry  point) 

Sampling  Point  A3 


Sampling  Point  A1 


Sealant  Mixing  Point 
A5  (mixer) 


Figure  5.  Sampling  Points  of  F-111  Aircraft  (not  to  scale) 

25  Jan  91 
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Sampling  Point  6 


FI  Fuel  Tank  Entry  Point 
(side  of  aircraft) 


F2  Fuel  Tank  Entry  Point 
(top  of  aircraft) 


Sampling  Point  5 


Sampling  Point  3 


Sampling  Point  7 


A2  Fuel  Tank  Entry  Point 
(under  aircraft) 


Sampling  Point  2 


Sealant  Mixing  Point 


Sampling  Point  9 


Sampling  Point  8 


A1  Fuel  Tank  Entry  Point 
(under  aircraft) 


Sampling  Point  4 

NOTE:  Sample  Point  1 

(sealer  inside  different 
fuel  tank  each  day) 

Figure  6.  Sampling  Points  of  F-111  Aircraft  (not  to  scale) 

12  -  16  Aug  91 
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o 


Sealant  Spray  Guns 


Sample  Point  D 


Sample  Point  E 


Sample  Point  C 


Sealant  Mixing  Point 


Sample  Point  B 


Sample  Point  A 


Figure  7.  Sampling  Points  of  F-111  Aircraft  (not  to  scale) 

30  Oct  91 
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strontium  chromate  8 -hr  TWA  values  exceeded  the  TLV  by  as 
much  as  360  times  during  the  January  1991  sampling  and  680  times 
during  the  August  1991  sampling.  It  is  important  to  note  that 
the  TLV  for  strontium  chromate  has  changed  since  the  survey  was 
done.  The  TLV  at  the  time  of  the  sampling  was  0.05  mg/m^;  the 
new  TLV  is  0.0005  mg/m^.  Conseguently ,  not  enough  air  volume  was 
collected  during  the  sampling  and  the  detection  limit  of  the 
analysis  of  these  samples  is  above  the  TLV. 

The  August  1991  survey  sample  results  indicate  a  worst  case 
HMDI  exposure  that  exceeded  the  TLV  by  10.3  times.  The  DETDA  and 
1M2PA  sample  results  are  well  below  the  manufacturer's 
recommended  exposure  limits.  Although  some  of  the  above  results 
seem  very  high,  they  originate  within  a  confined  space  and 
personnel  are  wearing  a  positive  pressure  supplied  respirator 
which  provides  a  protection  factor  of  1000. 


Sample  Results  From  Mixing 

Samples  were  collected  on  the  mixer  only  during  the  Jan  91 
survey  and  all  results  were  below  recommended  exposure 
guidelines.  However,  due  to  the  extreme  sensitization 
characteristics  of  isocyanates  and  the  close  proximity  to  the 
ongoing  operation,  all  mixing  personnel  should  continue  to  wear 
the  PPE  previously  described  in  the  PPE  section. 


Sample  Results  Within  Hangar 

Sample  collection  points  ranged  from  13  to  120  feet  from  the 
aircraft  being  sprayed.  During  the  January  1991  survey,  several 
strontium  chromate  samples  were  above  exposure  limits.  On  24 
January,  levels  exceeding  the  TLV  by  18  times  were  detected  in 
location  A4  (see  Figure  4) .  On  25  January,  levels  exceeding  100 
times  the  TLV  were  measured  on  the  helper  (see  Figure  5) .  During 
the  August  1991  survey,  all  general  area  samples  were  below 
detection  limits.  However,  as  noted  above,  due  to  the  low  sample 
volume  collected,  the  TLV  is  below  the  analysis  detection  limit. 
These  results  indicate  that,  with  the  exception  of  strontium 
chromate  at  location  A4,  no  airborne  hazard  exists  outside  the 
fuel  tanks.  The  levels  of  air  samples  collected  by  Lt  Devine  for 
DETDA  and  1M2PA  were  below  the  manufacturer's  recommended 
exposure  limits. 
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CONCLUSIONS 


1.  This  process  can  be  done  efficiently  and  SAFELY!! 

2.  Odor  does  not  mean  there  is  a  hazard!! 

3.  Exposures  are  classified  into  three  different 
categories. 

4.  Exposures  within  the  tank  can  be  and  are  controlled  with 
the  use  of  current  PPE  and  ventilation. 

5.  Results  conclusively  indicate,  excepting  strontium 
chromate,  no  exposures  outside  the  tank. 


RECOMMENDATIONS 

1.  Have  a  balanced  tank  ventilation  system  designed  for 
this  process.  It  must  include  a  Class  2  flameproof  particulate 
filter. 

2.  All  accessible  tank  openings  must  be  covered. 

3.  Keep  the  chemistry  of  the  products  consistent  when 

mixing.  Changes  in  material  viscosity  can  increase  misting  or 
clogging.  • 


4.  Keep  the  spray  gun  pressure  constant.  Increased 
pressure  will  increase  material  misting. 

5.  PPE  described  in  the  process  T.O.  must  always  be  worn. 

Do  not  deviate  due  to  a  shorter  exposure  duration.  The  helper 
must  wear  the  same  PPE  as  the  sealer  to  protect  against  strontium 
chromate  exposure. 

6.  When  the  proposed  OSHA  Confined  Space  Entry  Rule  becomes 
final,  compliance  is  mandatory.  Most  of  the  requirements  are 
administrative  and  are  described  in  the  rules. 

7.  Provide  employee  training  and  hazard  communication. 

8.  Ensure  current  sealant  utilization  rates  do  not  violate 
the  current  state  regulations. 

9.  Fuel  tanks  should  be  monitored  prior  to  entry  and  during 
the  operation  for  oxygen  and  explosive  levels. 

10.  SGPB  should  continue  to  conduct  process  surveys  with 
air  sampling  at  least  annually. 


16 


APPENDIX  A 

VULCANIZATION  MECHANISM 
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VULCANIZATION  MECHANISM; 


Reaction  starts  after  Part  A  and  B  are  mixed  - 
0 

/  \ 

(A)  R-C  -  C R'  ( Epoxy-Thioether  Resin) 

+ 

(B)  H2N-<0>-R"-<0>-NH2  (Diamine) 

i 

H-0  4 - ISOCYANATE  CAN  REACT 

I  I 

R-C  -  C-R'  I 

I  I 

HN-<0>-R-<0^NH2  <3 - 


EPOXY  CAN  REACT 


NOTE:  Amine  opens  Epoxide  ring  generating  hydroxyls  (-0H)  which 

can  react  with  Isocyanates  which  can  also  react  with  Amines. 


APPENDIX  B 

AIR  SAMPLE  RESULTS 
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24  January  1991 
Priming  Operation 
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25  January  1991 
Priming  Operation 
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SX911464  Hangar  Roof  HMDI  (MI)  <0.0118  <0.00243  0.054 

SX911465  Hangar  Roof  1M2PA  <0.40  <0.081  540  <0.40  2700 


Sample  #  Location  Contaminant  Result  8-hr  THA  15  min  TWA  STEL 

Hi -  -  AnatYgj-g _  (mQ/ro3)  (mQ/m3)  TLV  (ma/m3)e  (mq/m3)  (mq/m3t 

SX911493  FI  TDI  (MI)  <0.0023  <0.0006  0.036  <0.0023  0.14 
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12  September  1991 
Sealing  Operation 

Sample  #  Location  Contaminant  Result  8-hr  TWA  IS  min  THA  STEL 
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